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[so o) ĉo Do di ka sli „I I PLO l 'caŭ o) 5-A 
IGIS? AL AI, am ala Kll I ab pa I plad Ea «(RA 
ale [go p ao loo ĝa Lall ge blu No ei AAJ mJ lŭ 
OLIS oko 

eliran LJ, pd Elal sL 4a santi LUSI ĝi puzlol es 
Sl Skol JA” „asko. Lal = 5 SAS A e p La Ji 5, SIU 
VCSIoj) sole E laos RAKON LUB us alo JN ezo! Wal gi 

e ola aa kem gr geo e et p pto iem gj ĉin uo 5 Me 

e l Li (LAI Vj po Yiaao GIA LU e da, e, Jill 3a 
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LOVA go eL zimo zi (V) 

slu «ol : dal (V) 

e VA 35 GUA, SUA pe Jal (6) 

[veve sl aloo ap VUAO Slenlo (jd LUO, b Reto] Gal 3 Gi zeal! asi ss (0) 
IDAJ „NAA 


LOL slab ĝ elpall islo ~I 


E ĝ OLU Jad omo epo RAŬ e G 50 sas oleis LAI Jo Ludas 


“25A, soy 
3 PIL ĝia, Las kisl! 145 2 (pola pat gl eLa ĝi all geo 


US pis luda sia SLAN 


OoLo gl Yo o ela „I aa olo wi I JUI Sos -A 
eS prio 16 sa asa „et 321 ebl ges eio pl 5336 ge opp ludi 
lota Je KR plat polas il e 55 ml gi ue "BI ĝ pLu! 
OK La bazo bio US l aao 

«(A/TA =) plaudi Wu ĝ „i sa ub p) Jla ~U = 
: 05, Se „LaYi pla pe 5 Mi Jluxl gAL, „15, 

5 e ĝado GUM mla Ga ta «5 a spaŭllo estl ge gladi —W 
o ll iu pao pleda (MO) KL aJ aĝ stb" 

peta i e LJ iula koka 65 Gd „II paj 1 KU IN -M 
SU I ge ZI KLU pp Lal LE ao god pli (Al AL ge md 
BLAN Jus do Gtomdl Jao di topi plj oL «bm 23a «VA Gj 3341 3,„XUI 
suo lull mUl «local aŭto Jos ĜUI pulo io ĝi pell slilo eda Oa l 
ka dl DUE Ro ĝ ip utlly « ty GUispall ge aj GLA eaj Ve plaĝo ĝi 
FS al god pad luli 4) gld, ŝLOŬmall joj 


„vor 33,5 «ĜUII, GUN eeo) 
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vor 23,, «SUI GI eb ar (7) 
LENTo LNT Oo tal (£) 

„Vov 3,, URSA ee 21a (0) 
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yv 3 SI o lai 


5 ke frols mul loo Ĉi upto LIKI Jt epo Klo iko iota 
ON LAS opion 

la 55 GdLaŭ a «(AM fa100 5) Jem ge seto sto ŝate ibi - vo 
SL ĝl Saml 5 pll pap LU „25 ŝamo aan ip! "SI pb 
ka i kim lio kapta 15 ej La ammo UOU ao 55595 Lolo sx) 
| UVAS „o 

«(01m) Jud p Baal cel AU rs 23 3/1 3a oll melo gib pl — vi 
Gre gb AIN" 1153 dito o JI slamo goal Uba ĝ „LLII “uso 357 
OPUS ke La Anas Ĉino a salo gisi 360 Jo 35a ib do Je 
pio VI l maama saŭno li io Gj le aia LS ĉapo vmo (JLI Jem «34 
o ol LIS 

[ovo 5) pi gj A smo ap aĵ PLI pl pas 2423 ĝe BLA pl olive — 
slas 32) 36 aklod, La gad aks 3 liZ sial" s 5, URALAJ 
“ts GLI G AĜ Su gl Kola! 

"GUB pelo kae ispell dui 

gr amo Je pĝ Eŭ oE ge po PEN GU sp 59 


„Lo (AMO geo Ki, Kalio o «akado sa eodl,o caso Alias TUNIVI, LEJTAJ 


ANT sgo I ĝo I (V) 

Vo v33, „SUI, GUY ev a (9) 
TEApo LNI o l (Y) 

ego „pal ka (£) 

A 0425, «SY, GUSY! ee zai (0) 
LOVAgo «Po ĝuo sal (V) 

a «LN dal (Y) 

Vova,» «SUI, GUN ele ksj (A) 


JAL s,Lal] ĝ elpo olio FA 


p) 5 (V5) ve a 3 So das Jas ple adl kiaj OJS, „LS do, 
or doj si Fiw (E romo kalmons Aŝ lu (p Lo = RACE 33 al 2a, „Vi 
es kUI i „Ej Ges KILL BU buo Luj peb Jala Sa postal 
gl Katai lJ, aSo AU Gall «GVI «Lag K kado (pao stado pd 
15, «luzo Jlo ĝ Ais diu kal osa GUI 3a vd sud Je Sej 5 paŝ 
3 FL bul; OLI, cz Lal iJ Nl Ul OGLulo apai “l.a lia ge JLI 
SIBLI (e Zs 2o LI „luŝas ĜUIS ALA o pal osa E e suJ 
koko 1 Ke Gl Upaŭo Zu Sal gu eus! sL ap LS o Me o 
SISO peo kaso eo 55 G' A «ie 45 go Sd NU a, GAN 
(slo am Jo silaĝo e slo ko elli pialy eano Walo luaw se CSLI 
leo aĉoj GI pt 55 I EJ ĝo ABI GUN JLO das 2 Ash, 
| „Naŭo Kei 

ĝm pe a (o e MEKAN SENIN fila GU g;La$ daŭ Lij 
AŬ gl pet «l, 

JUN CA do ap AL dog e p Jumo 

„bl - lom poo = dle up Le pale sil UMO 

ola» = GLUI pao = LU = vl lll „3, iel o, 

sial = umi = Uli = slalo relon 

„a - do lo - udu £i „ho- ĝro plo „JU. 

dro UL ba PUIG 


e saldo 


ra Ss SU sl smo 


raj = Slo ej - mj 16 

Lime ALGIS. 
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kua$ = 135- vn Se pal lI 
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„VIa 3 

puL- slaj PJ l 

I pd 
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e PUS 

AI Ro JO 
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LAL slab ĝ elpall ŝoko 


oblaj GLA a l Suo ds p La SLI e 5 5 GI VI PLS, 
pas Bl 315 5 1 GI pus Ul Sl Ra ge BLAN Gluo MI umos po 
Saulo 815 pAbl dau pe lillo cod 6 palo ojo 570 5443 elo UL 

rilo 

34 Kaŭ cl o ALLI kopap DU 13 (6 La „mal me 3 „Uu 35 
isto) GUA, DOJ) eb UI 5 ~a kus sm da l ŝlsmalo JUI ub 
LU qe GUI p Si IOJ Je e ep sia SIE a io ĝe “ALAI 
ĈA WU 45 Ki, so ĜU ho5 Yv ebib 2sLal zo gi duji, gro Aa 2 La 
ue ksldla iala! „Lali 15 ŝlo, LJ olua Wi kies ca pll alal aU 3 ol 
ĝhebism ob, dl ubL. «sed eLa Ĵi 


ISA jo grati JUS” 


sus val pl dle i AGLI „lao gul polo GLS 
"pgUJi aa ouaJl Jus o. 
SURUKTI 
Ĝajgos eku UI 1a SI io i al sla gpl 5 ŝalo alaj ea) gl 
dalo, „ŝa SLI ALYI KLAJ ge kam LE iala 3 Bl, ŝmato olal 2471 paka 
E slag pl el5” pul ca, ŭa SL pepeanato 15 ĝueljo ĝu85 o 5 
gr AGE jam dalon Lulu p KI Zu sall LB 5a ĉuj) Slo al 
loso SELI 15 Ulo lam onla pej Lro 3 uM olua 62 „LAJ 
3a ge sla pl 4435 La atos gro$3 U Uo IAILEJ, ae slu LI 5, 
DI Ves 
sl iam DE ioj LAKI ĉl fa ka kall ol pam LEGI eb da 
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Ilo lub Ko 5 mi epo kia ĝOPl o gl km SI Ple OL 
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LS” ŭipyd ŝizas AVON elo La mjela ekpa] ab a «(ANTAN ku GI) 
AN ka l e gelo Jl am ekal muj 

Lala men 

kat MAGA AN lo UL 5 p iomda ĉu o Lulo ĝ Luz 
Ca lab rol 13 zas lla sk Oo mt e AU vL o ge poll Eo 
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FIUJ olll SU LA „Ko Mo Luki 5 e Gla LLO 543, 
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las ioll 5) 2 55 3! 

ĝe «be Le kul 5 muo bal „laa lJ mo 53 boj l GU3 km lazlas 
Kodi JJI Enbe ĝ sll la ĝi GLI Iia 
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dalan lano Sd plana ge ĝo eN mute feb 8 aL ma el 1 2341) 
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Berberis hispanica Boiss. Ŝ Reuter (Berberidaceae) 


uto muelo 315 1a ll slon ĝaj apalio sd 3 pas God LA 
ds da lS siblo GLUI 3 am flallo UL dal kuo 9155 LS 0 poplo 
IAI, aNIRLS 3 dll Ja ĝ uas ls Latt ab ado 
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Rhamnus alateruns L. (Rhamnaceae) 

mull duo opona Aŭlaly LAMI sasa relo eblo tl li KL as 
(ub oly) Slul do ius god olaleldl gx2, ((Laisi) Tannins 
ko lea JI Laj e ELO JL ĝ GLUI pruo LOLA (15) Gl atoj, 
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= (AKI Talas e ge pol audo ilo gy oal) 
Citrus media Risso var. cederaeta Risso (Rutaceae) 

Kostol ĝt eia „55 oa 355 glu pl, LS ibo i „sle 
Ĉino = UAM 1 GJ) as fama GI Too KUN pell lo md Ejo E Ĝil Ja, 
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Tamarix aphyla L. (Tamaricaceae) 

Tumers (di ĝi - lus. - oi Rs du sl SU GLI elp SLAJ 
eal ĝas GL OLA ELOJ im ed o K€ l aŭ 
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- AIIy 15a 25a Sa ponso apa gl Bt anla 
Cymbopogon schoenanthus (L.) Spreng. (Graminae) 
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Asarum europaeum L . (Aristolochiaceae) 
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Spinacea oleracea L. (Chenopodiaceae) 
ee Gl kamo p 53 = Budao solo 53a ALI Jm plad d~ oli 
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Fumaria species (may be F. capriolata L.) 
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Rosmarinus officinalis L. (Labiatae) 

JU La~ Im 3 rar BNI l Ado uo LAG l SIU pus 
19 Bal Jula «(„aj) 

dalo GAJ Ee ull Uo Ĝe koso ĝpoluallo i SUII kio oo 
om ad iJ LU po, dito slo ĵo sb di as lij 5 lull 
SAI sama poa 1 Lal Ao loj duno Lao ge 5 Dova e 3 pla KG LIy 
„Jui, 
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dy Us upon kaso ĝ eluŭiaj UE (gll lue JUO pilo 1a Sd smo p 
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:(Plkally Sd vns ge 2) 
Herniaria hirsuta L. (Caryophyllaceae) 
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Polygonum bistorte L .((Polygonaceae) 
Sol gall gl as Laj SUI A Lo oL£t LUI lau red! ~I 
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ia ANGO oa E KILAJ go KE lias OLI Ĝo l 
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Anagallis arvensis L. (Primulaceae) 
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Thymelaea hirsuta Endi. (Thymeleaceae) 

„as «Daphne gnidium L A aus taŭgo ao 355 Lm ilu 
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Moringa peregrina L. (Moringaceae) 
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Solanum melogena L. (Solanaceae) 
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Cyclamen europaeum L.(Primulaceae) 
ekza oid mado 35 BI JU, abis dol, Sl jm9 pa EU ĝos 
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Allium cepa L. (Liliaceae) 
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Citrullus vulgaris L. (Cucurbitaceae) 
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Potentilla reptans (Rosaceae) 
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Caesalpinia crista L. (Leguminosae) 
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Lupinus termis L. (Leguminosae) 
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Phoenix dactylifera L. (Palmae) 
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Sisymbrium officinale (L.) Scop. (Cruciferae) 
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Gentiana lutea L. (Gentianaceae) 
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Centaurium spicatum (L.) Fritsch. (Gentianaceae) 
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Myristica fragrans Houtt (Myristicaceae) 
rialo iion oka sla juon 85 (lutal mal) adl Jodo ll" ceLo JU 
doni AS od Lt l ala a (Aula) ako huo 585 ĝu8 33 „Uso 
a gan Ĝ JEA AL pell o MA p Laba, LO e 


plas aj ULIS ĝ GIN 


A —YA 
(UUJ 399 aSo vl pomo ĝe LBE BJ RAL Jo 11) ue 
Trigonella foenum — greacum L. (Leguminosae) 
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Ferula assafoetida L. (Umbelliferae) 
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Amomum racemosum Lam. (Zingiberaceae) 
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Cicer arietinum (Leguminosae) 
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Citrullus colocynthis (L.) Schrader (Cucurbitaceae) 
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Chrysocoma spinosa L. (Compositae) 
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Horwoodia dicksoniae (Cruciferae) 
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Lactuca sativa L. (Compositae) 
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Cassia fistula L. (Leguminosae) 
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Cinnamomum zeylenicum Nees (Lauraceae) 
a Ka o GI ĝ PITELO KIIN di lebp ipo pus Ao pas 
OLE ao pas ib mj o eja Loj pla ajo SO piana Kean ila, 
~d 


(mad pro -A 
= (Bli, dao, ze ĜI pona ĝe pla) Fl gro 
ss mdo 
„(Co aK ia enami pl ipes) 
Pistacia esculenta L. (Anacardiaceae) 
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Artemisia absinthium L. (Compositae) 
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Haplophyllum tubculatum (Rutaceae) 
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Equisetum arvense L. (Equisetaceae) 
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Inula helenium L. (Compositae) 
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Rheum officinale Aŭlon 
R. palmatum L. 
R. emodi Wallocl. (Polygonaceae) 
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Foeniculum vulgare L. (Umbelliferae) 
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Punica granatum L. (Punicaceae) 
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Crocus sativa L. (Iridaceae) 
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Crategus laevigata (Poiret) DC. (= C. oxyacantha L.) 


(Rosaceae) 
ak stega Lee rs CTAtEgUs „ao Pll za LE Flo uel vo ,5j 
Yi «Ll QA a kajo lSKia seĝo .Crategus azarolus L er US, 
kd feo ge mos ĝ LAN, „AZ sad, dLAOLUI a e Jeza, 


LI seo 
GETON suon gl JUS" 


LB leĝ Jmj GUS Io pe kub Gla Ĝip sumoo i, LUA 
„as ges glob ĝ SLAN „uj la ao SL dezi, 


Je£j o" 
- (EU AMI, ŝan Eo 18311) kb) 
Zingber officinale Roscoe (Zingiberaceae) 
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Cyperus rotundus L. (Cyperaceae) 
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Nardostachys jatamansi and Valeriana officinalis. 
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Glycyrrhiza glabra L. (Leguminosae) 
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Fumaria officinalis L. (Papaveraceae) 
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Aloe ferox Lam..Aloe vera L. 
Aloe spp. (Liliaceae) 
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Eupatorium cannabinum L. (Compositae) 
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Juniperus spp. (Cupressaceae) 

slos Kl vb do Plo md lo «Ll ele SLI lka lio gul 385 
edo EAŬ Lo sL; Le da pla gl mus kalo 2, sesan, GISO uo 
oba p dla$ oj LOLA! ka ge Jula 

5 p :ulal,: Ĵuniperus sabina L elo es LP oJ, 
adi peŜ = 3 5 OLA ZN Gla aiomus, „Ĵuniperus communis L 
ls us e Ni gxi LI den ia GIL LIZI, 
soneto pi tea) „aliaj 


lad as — 
„lŭ dy bandy ps ele ge onio mie ŭo ied e eno kol ao 
Caja l. JAJ edas peen Jio Ju eda ele ge solo 155 agito ie e im Le 
35 Kll ub pas «Jolly aI Ĝ a5S lab vd MZ 3 73 Up al 
- (Jldlaly Ki (p 


LAJ di 
ILU gan pali JIS” 


Eu, 
Solanum nigrum L. (Solanaceae) 
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Laurus nobilis L. (Lauraceae) 


vp GS «SEN o ĉl ue SI prs gr p kas ĝl iua pl so 


ĝobo „e —W 
= (KII Jlo ze pla ŝela) date 
MI 
Agaricus campestris L. (Agaricaceae). 
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Xanthoxylum avicennae Lam. (Rutaceae) 
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Raphanus sativus L. (Cruciferae) 
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Marrubium vulgare L. (Labiatae) 
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Ocimum basilicum L. (Labiatae) 
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Ecbalium elettarium Rich. (Cucurbitaceae) 
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Cucurbita pepo L. (Cucurbitaceae) 
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Costus speciosus (Koenig) J. Smith (Zingiberaceae) 
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Stachys officinalis (L.) Trevis. (Labiatae) 
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Acorus calamus L. (Araceae) 
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Euphorbia resenifera Berg. (Euphorbiaceae) 
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“ CONCLUSION 


The proceeding cxamples give some idea of the achievements of 
Islamic Civilization in various ficlds of natural sciences. It could be 
asserted that the theories of classical Antiquity were examincd by 
Muslim scholars according to the reality of nature and the laboratory. 
The role of Mustiim scientists did not consist merely of handling over 
to Europe what thcy had carlier acquircd from thc ancients; rather, 
having digested what they learncd from their predecessors, they were 
able to enrich it by new obscrvations, new results and new techniques. 


Unfortunafely, much of the Islamic contribution to the history of 
science and many of jis details are still unknown. The extant 
manuscrip£s are stored in libraries scattered all over thc world, and 
the vast majority of them have bcen ncither published nor exarincd. 
Hard efforts are thus needed to unfold thcir contents. 


-Il- 
(b) Palcontology: 


e Gcologisis of the Islamic Civilization were aware of the concept of 
gcologic time. 

e Avicenna (Ibn.i. Sina) spoke about the superposition of sedimentary 
layers ovcr vcry long periods oftime, and described how one bed 
lies gradually on the top of another. 

e Al-Biruni tricd to indicate what fossils are. He emphasized that 
remains and traces of living things (plants and animals) are 
prescrved. (or fossilized) in numcrous ways. These include 
preservation of the entire animal; the prescrvation of parts (such as 
tectlir, tusks, and shclls) in thcir origina! conditions; the petrifaction 
or  replacement of bones and shells by another material; casts, 
molds and trails prceserved in rock. He distinguished clearly, for 
first time in the history of science, between remains of marines and 
land origins. 


Making use of the remains and traces of former life, AI-Bi.ani, 
Ibn.i.Sina and others were able to interpret the earth history and to 
understand the role of present as kcy to the past; tlie principle 
which was later elaborated by J. Hufton. 


(c ) Mining and mineralogy: l 
Muslim scientists paid more attention to location of mincs and 
extraction of precious stones and metals. 


AIl-Biruni and AI-Tifashi jnvestigated the hardness of mincrals 
and found thai Diamond and Corundum (Ruby) are of highest 
hardness among all solids, putting the basis of the so-called “Mohs 
scale”. 
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AI-Biruni and Al-Karaji in the ni" century obscrved that the 
materials produced by what are now termed “geomorphic agents” are 
in the form of rock fragments, sand, slit, clay and dissolved 
substances. The solid weathering products may remain at the locxtion 
they were formed to form soil, or they may be brought to lower levels 
under the influnce of gravity. The latter process occurs. either by 
falling and slumping, or by mcans of transporting agents such as wind 
and running water. The cartl”s surface is therefore changed. 


Al-Karaji, from his side, emphasized that thc gravity is the basic 
force in “mass movement” causing rock and other material to move to 
lower clevation, secking for a state of equilibrium. He also cnunciated 
the idea of “Diagcncsis”. 


e Making use ofan carly hypothetico-deductive method, scientists of 
Islamic Civilization tricd io explain the relation between land and 
sca. This may be inferrcd from the following quotation after Al- 
Biruni: 


“....But if you sec the soil of India with your own cvcs and 
meditate on its nature, if you consider the roundcd stone found in 
carth- however dceply yow dig, stones that are huge ncar the 
mountains and. where the rivers have a violent current; stones "hat 
arc ol smaller size at a greater distance from the mountains and 
where the strcams flow more slowly; stoncs that appear pulverized 
in the shape of sand where the strcamis begin to stagnate ncar (heir 
mouths and near (he sca-if you consider all this, you can scarcely 
help thinking (hat India was once a sea, which by degrces has been 
filled up bv the alluvium of the strcams”. 


(c)Physica] metallurgy. 


Muslem scientists were gvod cxperimentalists in the applied 
fields of science. | want to present little more about the recently 
discovered book of Al-Hamdani on gold and silver. The author 
expressed detailed information which extends from the extractizn of 
ore from (he mines to (he minting of coins. The gold particles, for 
cxample,are cxtracted hy mcans of water and a washing-trough. The 
gold is “boiled” in plates with sulphate, salt and pulverized brick in a 
pot in the furnace. This means fhat the sulpher combines with the 
silver and the other impuritics in the gold. The gold is tried by the 
touchstonc-if it is still base it is boiled again. Any gold which may still 
be left in the separa-ted impurities is collected by amalgamation with 
mercury, a method also uscd for silver. 


Al-Hamdani described the usc of gold and silver as ornaments, 
c.g. in embroidary in the shape of crowns, on the pages of the Qui~an, 
cte. Al-Hamdani also described the metallurgical processes used with 
illustrative drawings. 


A. Geosciences: 
(a) Gcomorphology: 


Previous to the age of Islamic Civilization, the common view held 
vas that the changes that have taken place on the earth's surface 
could be explained by the oceurrence of catastrophic cvenis such 
as great floods. 


Several centuries before James Hutton proposcd the “Doctrine of 
uniformitarianism” in 1785, Arab scholars spoke about the concept of 
this Doctrine, offering for the first time a new explanation for the 
changes which have oceurred on the carti's surface throughout 
geologic history. They attraeted the attention to the fact that the relief 
fcaturcs and changes of carth's surface were caused by forces duc io 
several internal and exogenous processes. 


3. Materials Science 


(a) Viscosity: 

Several authors refered implicitly to the viscosity of the medium 
when thcy spoke about the resistance of motion. Ibn-i-Sina 
compared the effcet of different media on frecly falling bodies 
through them and concluded that the frictional force of the 
medium resists the moving force of the body. Ibn Malka al- 
Baghdadi pointed out that denser media make the motion of the 
body slower. He also proposed the “hypothetical cxperiment” 
that “ifbodies of various mass and shape are movecd in vacuum, 
they will have the same velocity because the velocity depends on 
fhe nature and type of medium”, 


Ibn al-Haytham said: “A stone moving in air is quicker 
than when moving in vyater because the resistance of water to 
motion is greater than thc resistance of air”. 


(b) Specific gravity: 
AI-Biruni and AIl-Khazini determincd thc specific gravity fora 
number of solids and liquids. The obtaincd values are highly 
accurate and comparable with the recent values, in spite of the 
difference betwecn the scientific and technological levels of 
equipment and apparatus in the two ages. This is illustrated im 
the foHowing table: N 


Maflerial AF-Biruni | Al-Khazini | Rccent values | 
l or e a. “values values 
God =41€1-€-£€= 1926. | 19.05 
Mereury 04=€= 1349 13.56 
Copper e PRON LN LONIĜOJ Eo E. NS 
Quartz = W I : 
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Ibn-Malka-al-Baghdadi cxamincd (he motion of projcctiles and 

diffecrentiated between the forced motion and the motion under the 
effect of gravity. He proved that the velocity of freciy falling bodies 
does not depend upon thcir masses provided the absence of any 
external opposing or frictional forces. Al-Hamdani of Yemen, in his 
rcccently discovered manuscript on gold and silver (Kittab al- 
Jawharatayn al-Atiqatayn), spoke about the rotation of Earth and 
why people and trees do not fall from it. He considered the Earth as a 
“magnet which attracts iron from all directions”. 
(Nearly hundred years later, the thoughts of Al-Hamdani were echoed 
by Al-Biruni who added that thc Earth attracts cvery thingon its 
surface towards its centre. Fakhr ad-Din al-Razi gencralized the idea 
of gravitaŭion for all the bodies cxisted in the Universe and spoke 
about the attraction between distant bodies. 


Regarding the laws of motion, Ibn-i-Sina enunciated the law of 
inertia, later to become Newton”s first law of motion, as follows: 
“Every moving body possesses the tendency of kceping itself moving 
unless if is subjected to any external effec(”. 


The second law of motion was qualitatively described by Ibn 
Malka al-Baghdadi in the form: “Every motion must bcin time. The 
body travels quicker and in shorter time under the cffect of larger 
forces. ~-Increasing the force entails an increase of velocity and a 
decrcase in time initcrval”. Of course, Newton rediscovercd and 
elaborated this approach in the well-known mathematical formule: 
F= ma , where Fis the force, m is the mass and a is the acceleration. 


The third law of motion can be infered from the work of Fakhr 
ad-Din al-Razi who explained the idca of equilibrium under the effect 
of tivo equaliy opposing forces. He enunciated that “a rope pulled by 
tivo persons of fho same force to opposite directions seems to bc as if 
unaffeccted by the aciion of cackh person, and this is not the -ase 
because the action of one force is prevented by the reaction of the 
other force”. 
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(c) Laws of reflection and refraction: 


Ibn-al-Hay(kam cxplained (he laws of rellection and refraction 
of ligkt, putting (he angles of incidence and reflection or refraction in 
the same planc normal to the interface. He used suitable models to 
describe these properties in mechanical terms and considered the light 
as consisting of small sphcres or “particles” moving at the surface of 
reflection or refraction in accordance with the rectangular law of 
forces. In this he introduced an experimentally established approach 
later elaborated by Newton. 


1bn-al-Haytham?”s Optics is a large and comprehensive wors. that 
includes many valuable thoughts. The so-called Alhazen problems of 
reflecction from plane, spherical and parabolic mirrors are still of 
scientific interest. 


Part V of Roger Bacon”s “Opus Majus” is practically a copy of 
Ibn-al-Haytham Optics. No wonder Bacon “never wearied of 
deciaring that a knowledge of Arabic and of Arabic Science was the 
only way to true knowledge”. 


2. Mechanics: 

Scicntists of islamic civilization were awarc of the physical 
quantfitics and. concepts that describe the motion of bodies. Ibn-i-Sina 
determined the clemenis of mofion in the moving body, the force 
causing the motion, the initial position at any time, the position af the 
end of motion and the fime interval of motion. 


The types of motion and the problem of freely falling bodies were 
examincd by several aufhors. Ibn-Malka-al-Baghdadi distingiizhed 
between fransnational and rotational mofions. He also observed that a 
frecly falling stone aquires an energy depending on fhe distance M 
travels. This becausc, in his words, “the higher the postion from which 
itis tbrown the quickcr will bc its motion and Kence the larger will be 
its energy”, 
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Development of the theory of vision had to waŭ several centuries 
after Ibn-al-Haytham until fhe German Jesuit Christoph Scheiner 
(1575-1650) performed a classic and irrefutable experiment. He 
removed the coating on thc back of an animal's eye, and peering 
through its transparent retina from behind, was able to perccive a 
small inverted image of the scene beyond the eye. At just about the 
same time Descartes performed similar cxperiments. 


(b) Rcctilinear propagation of light: 

The prototype of the modern photographic camera was a device 
known as the “camera obscura”, the earliest form of which was simply 
described by Ibn-al-Haytham who utilized it to cxaminc solar eclipses 
indirectly. He explained fhe formation ofinverted images of shining 
objects inside a “dark chamber” that allows thc light to go through a 
small hole in one of its walls. ln discussing this problem, Ibn-al- 
Haytham ascertaimed that light propagates from shining objecis to 
their images, passing through the hole of the “dark room”, in straight 
lines. 


ln Europe, the notebooks of Leonardo da Vinci contain several 
descriptions of the obscura but the first detailed treatment appears in 
Magia Naturalis (Natural Magic) by Giovanni della Porta. He 
recommended it as a drawing aid a function to which it was soon quite 
popularly put. Jchannes Kepler had a portable tent version which he 
used while surveying in Austria. By the latter partof the sixteenth 
hundreds, small hand-held “camera obscuras” were commonplace. = 


On the other hand, in the Book of Optics (Kitab al-Manazir) in 
which Ibn-al-Haytham cxpressed the results of his investigafions, the 
attention was called to the fact that light propagation from sources (0 
objcets must be in a time, even undetectable, varying from medium to 
another. The denser the medium the lower is the “velocity” of light. 
Morcover, he enunciated that a ray of light, in passing through a 
medium, takes the path which is the easier and “quicker”. In this he 
vas anticipating Descartes and Fermat by many centuries. 


ĉif= 


An important reason for fhc success of thc scientific entcrprisc in 
Islam was Hs international character. The Islamic commonwcalth 
itself cut across nations and colour; and early Muslim society was 
tolerant of men from outside i, and of their ideas. 


In (he following, these thoughts will be clucidated for some 
branches of science and technology. 


1- Optics: 
(a) Theory of vision: 


Islamic achicvements in optics were solidly based on the 
foundation laid by the ancient Grecks. Greek optics was primarily a 
theory of vision, and it was a subject of varied discussions initiated by 
Eucelid, Ptolemy, Aristotle, Galen and others. The manner in yvhich the 
cyes function was a point of great misconception until al-Hasan Ibn-al- 
Haytham alias Alhazen (965-1039) formulated a thcory of vision quite 
distinct from any other that had existed carlier. Ibn-al-Haytham 
dcrived thc idea that vision occurs when a “form” emanating from the 
objecis entrs the eye. To achieve this theory, Ibn-al-Hayhem followed, 
for the first time, an inductive method bascd on obscrvation, 
experiment, causali(y and uniformity of nature. He uscd the methods 
of agrcement and concomitant variation to elaborate the causal 
explanation of vision and the determinate relation between cause and 
cifeci. Ile also realized that the old thcory of vision based on an 
impression produced in thc cye or brain is incomplete without an 
cxplanation of how the impression comes to be perccived as an object 
located at a certain distance, having a certain size and shape, aŭd so 
forth. This in turn led him to construct a highly original thcory of the 
psychology of visual perception and to givca detailed description of 
the structure of Me cye on the basis of contemporary anatomicaj 
works. The name “iris” dates back to Alhazen who described the eye 
as parfifioned into thrce regions which were watery, crystallinc and 
glassy, respcetively. 
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“ Science and Technology in Islamic Heritage: 


Afler (he fall of the Western Roman Empire (475 A.D), which 
roughly marks the start of the Dark Ages, little or no scientific 
progress was made in Europe for a greet while. In 642 A.D. 
Alexandria fell to the Moslems, and by the end of the seventh century 
the lands of Islam extended from Persia across the southern coast of 
the Mediterranean to Spain. The centre of scholarship shiftcd to 
Islamic world where, in Briffaulls words : “ the patient wi35 of 
investigation, the accumulation of positive knowledge, the minute 
“methods of science, detailed and prolonged observation and 
experimental inquiry were altogether ” the basis of the Islamic 
culture. The achievements of the middle ages and the creation of the 
experi-mental spirit were primarily due to the Muslims down to the 
12" century. Barely a hundred years after the prophet”s death, the 
Muslims had made it their task to master the then-known sciences. 
With feverish haste, but systematically, they translated the entire 
corpus of the then-known knowledge in thcir religious language, 
Arabic. Founding institutes of advanced study (Bait-ul-Hikma), they 
acquired an absolute ascendancy in the sciences that lasted for the 
next 350 ycars. 


A semi-quantitativc measure of this is given by George Ŝarton in 
his monumental “History of Science”. Sarton divides his story of the 
highest achicvement in science into Ages, each Age lasting 50 years. 
With cach, he associates one central figure: thus, 500-450 BC is the 
Age of Plato, followed by the Ages of Aristotle, Euclid, Archimedes 
and so on. From 750 to 1100 CE, however, it is an unb: uken 
succession of the Ages of Jabir, Khwarizmi, Razi, Masudi, Abu'l- 
Wafa, Biruni and Omar Khayam. ln those 350 ycars, Arabs, Turks, 
Afghans and Persians — chemists, algebraists, clinicians, geographers, 
maf(hematicians, physicists and astronomers of the commonwecalth of 
Islam-held the world stage of sciences. Only after 1100 CE, in Sarton”s 
scheme, do the first Western names begin to appear; however, for 
another 250 years, they share the honours wifh men of Islam like Ibn 
Rusbd, Nasir-ud-din Tusi and Ibn Nafis. 
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«“ Read in the name of your Lord, the Creator ” (Surah” Iqraa. 96 
:Ayah 1). 


lt is Islamic Tawhid only that makes man capable both to 
discover the knowable facts of the seen world and to believe in the 
unseen beyond the reach of human ken. 

2- Without the Islamic thought of Tawhid, it will be difficult to 
believe in the uniformity of nature and causality of events and natural 
phenomena, and consequently to be sure of revealing new facts in 
future. Allah (SWT) says: 


(OV baj 59)" So 3P GJ pol ce o pomdii do GUY! 3 LILI pej pus" 


“ We shall show them Our evident signs in the skies as well as within 
their own selves, that they may be convinced Our revelation is the 
truth “ ( Surah fussilat, 41: Ayah53). : 

3- The fundamental elements of scientific method, i.e. Observation, 
experimentation and hypothesis are made by all faculties of 
knowledge. Allah (SWT) says: 


(Vl: slu 3 poa ) Podo dio 7 U9Ĵ: 5 5194319 „alla pomd! OI 


“As faculties of knowledge, your sights, your hearings and your 
hearts are indeed responsible “ ( Surah Al-Israa, 17: Ayah 36). 

ln the light of these Islamic fundamentals, the Muslim scholars 
developed the proper method of research which allowed them to be 
the main bearers of the-torch of knowledgc and learning, as well as the 
connecting link between the Greco-Roman classical age and the 
modern scientific era. 
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x Scientific Methodology in Islamic Culture: 


The glaring achievements of Muslim Scientists in developing 
science and methods of scientific research are made known as a 
matter of fact. The analysis of Islamic scientific legacy may allow one 
to conclude that that Experimentation is an essential step in the 
scientific research which is based on induction, deduction and “ gias “ 
(analogue). Making wuse of modern terminology, we can find 
representative examples of scientific types of observation, experiment 
(pilot, controlled, crucial) and hypothesis in the publications of 
Muslim scholars. 


On the other hand, the Holy Quran and the Sunnah of the 
prophct (SAAS) are considered the origin of scientific thought and 
they prompt Miuslims to accumulate positive knowledge. Besides, 
Islam released the mind to think and discover the scientific facis away 
from idols or constraints. ln this respect, Islam preceded the so-called 
idols of tribe, cave, market-place and theatre due to Bacon. 
Accordingly, Muslim researchers were able to achievc great 
discoveries in various branches of sciences, such as Gaber Ibn Hayan 
in Chemistry, Ibn- dl- Haytham in physics, Razi in medicine, al 
Bayrouni in geology, aŭd others. 


The main postulates of the Islamic scientific method can be 
summnarized in the following: 

1- Tawhid, methodologically and epistemologicaliy, is the basis of 
scientific thinking. Alab(SWT) says: 


(Vli Gif 58,9) SI5 SI EL, peb 15 
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